A novel macromolecular antibiotic SN-07 was obtained from the cultural supernatant of Actinomadura roseoviolacea var. miuraeusis nov. var. The antibiotic was soluble in water, had a molecular weight of 18,000~22,000 daltons in 50 mM Tris-HCl buffer, pH 7.0, containing 2.0 M KCl as compared with authentic proteins. Its major constituents were nucleic acids. The substance had antibacterial activity against Gram-positive bacteria. It was also effective against lymphocytic leukemia P388 in vivo.
Among antibiotics that have antitumor activity, some are macromolecules1). Most of them are polypeptides such as neocarzinostatin2), auromomycin3), macromomycin4), and largomycin5). Recently, it has been reported that a mixture of high molecular weight single and double stranded DNA extracted from Clostridium saccharoperbutylacetonicum cells represents an antitumor activity against Sarcoma-1806). We here have found a novel macromolecular antibiotic whose major constituents were nucleic acids. This report describes the producing organism, isolation and initial characterization of antibiotic SN-07.
Taxonomic Studies
Most of the studies of strain 07 were carried out according to the methods of the International Streptomyces Project7). Additional media recommended by WAKSMAN8) were also used. The chemical analyses of sugars and amino acids in cell wall hydrolysates were carried out as reported by BECKER et a1.9) and LECHEVALIER and LECHEVALIER10) . Strain 07 was isolated from a soil sample collected in Miura-city, Kanagawa, Japan. When strain 07 was grown on an oatmeal agar medium, aerial mycelia were well developed, long, straight to wavy and monopodially branched. The aerial mass color was pink. Substrate mycelia were orange, well developed and branched. Scanning electron microscopy revealed that the spore chains formed tightly closed, spirals with 1 to 2 turns. Pseudosporangia were also formed. The spores had a smooth surface, and they were cylindrical to ovoidal with a size of 0.4~0.6X0.6~1.0µm.
No sporangium, sclerotium and flagellum were observed (Figs. 1 A and 1 B). Growth characteristics on different media are summarized in Table 1 . Yeast extracts or vitamin B complex was essential for growth. The strains were grown at 32°C for 14 to 21 days. Physiological characteristics are given in Table 2 . The cell wall composition indicated that strain 07 was a species of the cell wall type III and distinct from genus Streptomyces or Nocardia.
From the taxonomic studies described above, strain 07 was classified in the genus Actinomadura. Strain 07 was different from the three strains in physiological details and sugar utilization as shown in Table 3 . However, the differences were not sufficient to designate strain 07 as a new species. Therefore we named the strain 07 Actinomadura roseoviolacea var. miuraensis nov. var. The producing organism was grown in an oatmeal starch medium at 32°C for 4 days in a 200-liter fermentor (120 liters of medium). The medium contained 40 g oatmeal, 40 g soluble starch, 7 g K2HPO4, 3 g NaH2PO4 • 2H2O,1 g MgSO4 • 7H2O, 1 g FeSO4 • 7H2O in 1,000 ml deionized water, and the pH was adjusted to 7.0. The fermentation broth was centrifuged and the supernatant was subjected to ammonium sulfate precipitation. The precipitate between 45 and 100% saturation was collected and dissolved in 25 liters of distilled water followed by ethanol precipitation at -20°C. The precipitate was dissolved in 50 mM sodium phosphate buffer, pH 6.5, and applied to a DEAE-Sephadex was dialyzed and lyophilized. Ninety milligrams of material was obtained from 120 liters of fermentation broth. The outline of the isolation is summarized in Fig. 2 .
Physico-chemical Properties
The purified SN-07 was a pinkish red powder and its physico-chemical properties are summarized in Table 4 . The absorption spectra are shown in Fig. 3 . Since SN-07 had the absorption at 505 nm and 260 nm (Fig. 3) , both wavelength was measured in checking the purity. Fig. 4 illustrates the highperformance liquid chromatography (HPLC) on TSK-GEL DEAE-5PW (Toyo Soda Manufacturing Co.). The absorption in both wavelength was observed at the same retention time. No extra peaks were observed in either wavelength. The molecular weight of SN-07 was estimated by gel filtration. A Sephadex G-100 column (1.5 x 110.5 cm) was equilibrated and eluted either with 50 mm Tris-HCl buffer, pH 7.0, or with 50 mM Tris-HCl buffer, pH 7.0, containing 2.0 M KCl, at a flow rate of 10 ml/ hour. Molecular weight markers used were bovine serum albumin, ovalbumin, chymotrypsinogen A and lysozyme. SN-07 of which optical density at 505 nm was 0.80 at 1 mg/ml solution contained 64% DNA measured by the diphenylamine method14), 29% RNA by the orcinol method14), 13% Absorbance at 505 nm and 260 nm was measured at the same time by using two detectors. The sensitivity of the detector when 505 nm was measured was 8 times higher than in the case of 260 nm. 
Biological Activities
The antibacterial activities of SN-07 are summarized in Table 5 . When Escherichia coil BE 118616) that has mutations in uvrA, ruv, and tolC genes and Salmonella typhimurium TA153517) that has mutation in rfa and lacks uvrB gene were adapted to the test, they showed high susceptibility to the antibiotic. The minimum inhibitory concentrations (MIC) were 0.39 ,ug/ml for each organism.
SN-07 had no activity against the Gram-negative bacteria tested, but inhibited the growth of Grampositive bacteria. The repair mutant of Bacillus subtilis was more sensitive than the parent strain. SN-07 possesses antitumor activity against lymphocytic leukemia P388. The evaluation was performed according to the NCI protocol18). The antitumor activity designated by increased life span (ILS) was 51.9 % at a dose of 80 itg/kg mice. The biological activities of SN-07 dissolved in water were stable at 27°C for at least 3 weeks.
Discussion
In the search for macromolecular antibiotics, a new substance, SN-07, of which major constituents were nucleic acids, was found in the broth filtrate of genus Actinomadura. SN-07 showed a cytotoxicity against cultured HeLa cells. It was effective at a concentration of 0.5 ltg/ml in a preliminary examination. The cytotoxicity of commercially purchased DNA (from salmon sperm, Wako Pure Chemical Industries Ltd.) on HeLa cells was not observed up to a concentration of 100,ug/ml. HAYASHIDA and WATANABE reported that a mixture of single and double stranded DNA possessed antitumor activity against Sarcoma-1806).
The absorption spectra of SN-07 might suggest that it contained a chromophore of which absorption was at 505 nm in distilled water (Fig. 3) . The absorption at 505 nm and 260 nm was observed at the same retention time (Fig. 4) , and it demonstrated that the chromophore binds to the rest of the molecule. Though the chromophore-like substance has not been separated from SN-07 yet, it may play important roles in expressing its specific biological activities as in the case of neocarzinostatin19), largomycin FII20), auromomycin, and macromomycin21)
Since the homogeneity of SN-07 was demonstrated by gel filtration and HPLC, it was concluded that the substance was a new macromolecular antibiotic whose major constituents were nucleic acids. 
